Abstract. Studying multiple individuals from multiple populations would add knowledge about the proportion of different movement strategies (migratory vs. resident) and how space use patterns vary within and across populations. This allows for effective conservation or management of partially migratory animal populations by identifying the appropriate size of management units and temporal interventions. However, this knowledge is often lacking as only a few individuals from a single population are tracked in space and time. To understand the drivers of intraspecific variation in movement patterns across a broad scale, we analyzed the multiannual space use of 307 moose (Alces alces), containing 544 single-year trajectories, from 10 study areas that are spread over a 1500-km latitudinal gradient. Using a novel approach, we quantified within-and among-population variation in movement and space use patterns. We identified the movement strategy (migratory, sedentary, nomadic, or dispersal) of moose and computed annual and seasonal home ranges. Individuals demonstrated variable movement strategies from migration to yearround residence. Summer home ranges were larger in northern study areas, whereas no geographical trends were detected among populations in winter home ranges. Individual-level traits, such as sex and age, along with factors related to the landscape, such as land use and habitat, explained variation within populations, whereas climatic factors such as temperature and vegetative productivity explained variation among populations. Importantly, the variables that explained individual-level variation in space use within populations were different for all our populations. We demonstrate the intricate interplay between individual life history and landscape scale variables and how they may determine the observed movement patterns and influence the scale of management.
A challenge within ecology is to understand the causes of variation we observe in animal movements and the consequences for demography and long-term fitness of individuals and populations. Interspecific variation in movement has been fairly well documented, and similarly, intraspecific variation in movement has been widely studied across different taxa (Austin et al. 2004 , Anderson et al. 2005 , Rubolini et al. 2007 ), but remains a focus of ongoing research (van Beest et al. 2011 , Putman and Flueck 2011 , Naidoo et al. 2012 , Morellet et al. 2013 ). However, population-level comparisons are few as most studies either lack a landscape perspective or do not have a large enough sample of individuals to infer population-level patterns v www.esajournals.org ALLEN ET AL. Haydon 2010, Morellet et al. 2013) . Our knowledge of the drivers of intraspecific variation influences our ability to predict these movements in the landscape, especially when populations may comprise both migratory and resident individuals. Understanding intraspecific variation is important for scaling up movements from individual-to population-level patterns to establish the scale of management and to understand how populations may be affected by future climate change, land-use change, and disturbance (Putman and Flueck 2011, Singh and Milner-Gulland 2011) .
Research on large mammals has revealed that a number of factors may lead to intraspecific variation in movement. Intraspecific variation in movements is often analyzed by relating changes in home range size to temporal, spatial, and individual-level processes (Börger et al. 2006, Putman and Flueck 2011) . Individual traits like sex and age may influence home range size, whereby males tend to utilize larger areas than females (Mysterud et al. 2001) . Home ranges may also become smaller as an individual ages due to the home range stabilizing and the individual gaining experience (Hundertmark 2007 , Van Moorter et al. 2009 ), although mixed results have been observed in the field (Saïd et al. 2009 , van Beest et al. 2011 . Landscape characteristics are also important for explaining variation in home range size, with individuals tending to have smaller home ranges in landscapes with high resource availability (e.g., forage and shelter) and predictability (McNab 1963 , Bjørneraas et al. 2012 . Moreover, habitat quality is a key determinant of home range size (Tufto et al. 1996) and landscape characteristics like fragmentation may lead to either smaller or larger home ranges (Allen et al. 2014 , Bevanda et al. 2015 . Finally, climatic factors like snow characteristics, temperature, and precipitation also influence home range size (van Beest et al. 2011 , Naidoo et al. 2012 , Morellet et al. 2013 ; for instance, smaller home ranges are expected in areas with high snowfall due to the increased energetic costs of moving in deep snow (van Beest et al. 2011) .
Intraspecific variation in movement patterns may emerge from factors operating at different spatial scales, such as fine-scale processes that scale up to create variation among individuals, and broad-scale patterns that act top-down in creating intraspecific variation in movements (Peters et al. 2007 , Schooley and Branch 2007 , Morellet et al. 2013 . For example, studies of a given species may provide contradictory results when addressing the question of whether a species utilizes larger areas in summer or winter (Hundertmark 2007) . This may in part be due to the scale that the question is addressed, for example, due to climatic differences experienced by populations. Comparing movement patterns of multiple populations may provide insights into the causes of variation that occur within and among populations and how to manage such populations while considering this variability. Such an approach would clarify, for instance, whether the life-history traits of an individual or the composition and/or quality of habitats in the landscape are more important for explaining variation among individuals, and how these factors may interact with one another (van Beest et al. 2011 , Morellet et al. 2011 , Allen et al. 2014 ). This knowledge would also provide insights into how species may respond to ongoing land use and climate change, and how these responses may vary among populations of the same species as well as help managers determine the spatial scale of monitoring and management when a proportion of the population migrates, whereas the other half remains resident.
We investigated individual-and populationlevel variation in space use patterns of moose (Alces alces) over a large latitudinal gradient covering 1500 km from the south to the north of Sweden. The study region incorporates a gradient covering six vegetation zones, ranging from the temperate zone in the south of Sweden to the northern boreal zone (Ahti et al. 1968) . These vegetation zones are a consequence of the variation in geography and climate, with longer growing seasons, higher mean temperatures, and less snow in the south in contrast to the longer winters and greater snow depth in the north. In addition, the human influence on the landscape also follows a gradient from the south to the north, with a higher population density in the south and thus more roads, urban areas, and agricultural activities (Swedish National Atlas 1991) . This variability in habitat, climate, and human impacts is predicted to result in a high degree of variability in space use patterns among individuals and has been shown to explain the migratory v www.esajournals.org ALLEN ET AL. and residence patterns of moose in this region (Singh et al. 2012) . We investigate intraspecific variation at two differing spatial scales to identify both broad-scale and fine-scale processes that influence movement. The first scale is variation in space use among populations, that is, from the south to the north of Sweden (see Fig. 1 ), and the second scale is variation in space use among individuals within each population. Following the approach of previous studies, we use the home range as an estimator to investigate variation in space use patterns. The home range has been described as the interplay between the environment and an animal's understanding of that environment (Powell and Mitchell 2012) . Therefore, changes in either the environment or the traits of an individual will lead to changes in the home range and thus create variability among individuals and populations.
The differing proportions of migratory vs. resident moose in Sweden (Singh et al. 2012 ) will clearly affect estimates of annual home range size. In this study, we focus on seasonal space use patterns, that is, during winter or summer. Few studies have addressed individual-level variation in home range size among populations, but these studies have highlighted the importance of climate and its interaction with vegetative productivity and the severity of winter (Herfindal et al. 2005 , Morellet et al. 2013 . Therefore, we predict that summer home ranges will be smaller in southern parts of Sweden, where summer temperatures and subsequently vegetative productivity are higher. In contrast, we predict winter home ranges will be smaller in the north where higher levels of snowfall lead to increased energetic costs for movement. Several studies have addressed individual-level variation in home range size within a population, and these studies highlight the importance of factors like habitat quality/quantity and individual traits (Tufto et al. 1996 , Anderson et al. 2005 , Saïd et al. 2009 , van Beest et al. 2011 . As individuals in a population are exposed to a similar climate, we predict that climatic variables will be less important for explaining variation among individuals within a population. Instead, the traits of an individual and the characteristics of the landscape will be the most important variables explaining intraspecific variation. Males are predicted to utilize larger home ranges than females while younger individuals are predicted to have larger home ranges than older individuals. Furthermore, increasing proportions of habitats with high forage availability are predicted to result in smaller home ranges. By studying these factors in relation to moose movement at multiple scales, knowledge will be added about the drivers of intraspecific variation in movement patterns at broad scales.
Methods

Study area
Moose have been individually marked across 10 study areas in Sweden (Fig. 1) . We treat these 10 study areas as 10 populations; thus, study area is synonymous with population in this study. The characteristics of each study area differ in terms of habitat composition and the attributes of the landscape (Appendix S1), including elevation, proportions of broadleaf and coniferous forests, road density, and vegetative productivity, as measured through the normalized difference vegetation index (NDVI). Study areas N3, N4, and N5 were identified by the contrasting structure of forest habitats in winter home ranges, with N5 dominated by coniferous forest, N4 by broadleaf forest, and N3 by a mosaic of broadleaf, coniferous, and mixed forests (Fig. 1) . The migratory movements of moose in N3, N4, and N5 mean that individuals may occur in a common area during summer.
Movement data
Moose movement data were collected from GPS collars dating from 1 March 2004 to 1 March 2013. Animals were sedated and equipped with a GPS/GSM neck collar (Vectronic Aerospace GmbH, Berlin, Germany) during winter (for detailed information about moose capture, see Neumann et al. 2012) . The data were entered into the wireless remote animal monitoring (WRAM) database system for data validation and management (Dettki et al. 2014) . The movement data were resampled to contain moose with at least one year of data and four positions per day. For moose with more than four positions per day, the times selected were those closest to midnight, 6 a.m., midday, and 6 p.m. The remaining sample size consisted of movement data for 307 individuals and 544 single-year trajectories.
The movement strategy (i.e., migratory, dispersal, nomadic, or sedentary) and their characteristics (extent, timing, and durations) were estimated for each individual moose year using the net-squared displacement (NSD) method (see Bunnefeld et al. 2011 , Börger and Fryxell 2012 , Singh et al. 2012 . The movement data were resampled to contain only one position per day, which was nearest to midday, 12:00 p.m. Only one position per day was necessary because movements like migration are annual events and it was not necessary to detect other movement traits like diurnal patterns (Bunnefeld et al. 2011 , Singh et al. 2016 . The starting date for each moose year was the 01 March, when moose have completed their migratory movements and are in their winter range. NSD values were estimated using the AdehabitatLT library in R (Calenge 2006) , and the nlme package (Pinheiro et al. 2012 ) was used to fit nonlinear mixed-effects models to movement trajectories using R version 2.15.2 (R Development Core Team 2012). Model results were evaluated using the concordance criterion (CC) which ranges between −1 and 1, and values close to 1 indicate better model fit (Huang et al. 2009 ). After categorizing movements into migratory, dispersal, sedentary, or nomadic, an additional NSD model was applied to migratory moose only, to extract the extent, timing, and duration for each individual as opposed to the mean for the population (Singh et al. 2016 ). By extracting individual-level timing and duration, we could identify winter and summer home ranges based on an individual's movements.
Home range estimation
We calculated home ranges at two temporal scales that included an annual home range (HR) and a seasonal HR (winter and summer). The annual scale provides information about space use that captures the changing environmental conditions throughout the year, whereas the seasonal scale identifies how space use changes during winter and summer, particularly for migratory individuals that are able to exploit habitats not available year round. Often, the temporal scale is defined at fixed intervals, such as weekly or monthly scales (Börger et al. 2006 , van Beest et al. 2011 . Alternatively, it may be defined by external factors like photoperiod (Börger et al. 2006) . However, none of these factors correlate to the dates that migratory moose arrive at, or leave, their seasonal home range, especially when one considers that the length of stay varies between individuals. Therefore, defining the seasonal range by the ecology of the species (i.e., the timing of migratory movements) provides an accurate temporal scale for summer and winter ranges. Species' movements have also been used to define seasonal home ranges of sedentary individuals using the change in movement rate over time. This has been performed by fitting general additive models (GAMs) to the daily distance travelled to identify seasons (van Beest et al. 2013) or by fitting sigmoid or linear models to the standardized cumulative distance over one year (Vander Wal and Rodgers 2009 that the movement rates showed high intraannual variability and neither method was able to consistently detect clear seasonal trends in the movement rates of sedentary moose in our study. Therefore, we used factors that have previously been identified to influence the movements of ungulates, whereby winter home ranges were defined by the time period with snow cover on the ground and summer home ranges by the length of the growing season. These dates were calculated for each individual study area (see Appendix S2); therefore, all sedentary moose in a given study area would experience the same general climatic conditions. Our approach for estimating seasonal home ranges means that GPS data during migrations were excluded from the analysis for migratory individuals, and for sedentary individuals, any data between the dates of the snow melt and growing season start, or the growing season end and arrival of snow. Home ranges were only estimated for migratory and sedentary individuals.
We calculated HRs using the biased-random bridge (BRB) method (Benhamou 2011) . This method generates an utilization distribution (UD), which incorporates measures of space use, and estimates are based on the movement path instead of individual locations (Horne et al. 2007 ). The method recognizes that HR use is variable in space and time, and is thus more appropriate than other methods like location-based kernels or minimum convex polygons. An individual's HR was identified by the 95% UD isopleth to exclude outlying or exploratory movements. The default method is to calculate the UD over a spatial grid with a fixed dimension (e.g., a grid 200 × 200 cells). The challenge with this method is that due to varying scales of movement, the cell size will vary among individuals. Therefore, we calculated a spatial grid for each moose, using the minimum and maximum longitude and latitude for each individual and maintained a cell resolution of 100 m × 100 m. The extent of the grid was increased by 10 km in each direction so that the UD could be calculated around locations on the edge of the grid. This approach was used as results were desired at the same resolution (100 m × 100 m) and the study areas were too large to apply a single grid over the entire area. Home ranges and their size were calculated with the R package AdehabitatHR (Calenge 2006 
Analyses
Variation in HR size among populations, and within each population, was analyzed using linear mixed-effects models (LMEs). The two scales of analyses mean that the sample size changes, dependent on whether we were comparing, for example, all individuals across Sweden or individuals in a specific population. The study design and sample sizes are illustrated in Appendix S4. The log of the UD95 was used as the response variable, and the analysis was performed for both winter and summer HRs. The UD95 was logged to normalize the data and reduce positively skewed residuals caused by individuals with large home ranges. Potential explanatory variables included a number of factors that may affect movement including life history, environmental, climatic, and habitat data (Table 1) . We also included the variable "Time," to determine whether our methods for identifying seasonal ranges of moose caused variation in home range size. The preparation of explanatory variables is described in Appendix S2, and a short description of each variable is provided in Table 1 .
The LMEs were created using the function lmer in the package lme4 (Bates et al. 2014 ). An explorative analysis was performed to identify the top fixed-effects structure that explained variation in home range size. Models were ranked using the Akaike's information criterion (AIC), which included a penalty for adding additional parameters (AICc), to find the most parsimonious model. Models with a delta AIC (∆AIC) > 4 are suggested to show less empirical support (Burnham and Anderson 2002) . Therefore, models with ∆AIC < 4 were compared to rank the models and calculate Akaike weights for top performing models (Burnham and Anderson 2002) . The amount of variation explained by each model was measured using the R-squared statistic, which calculates both marginal R 2 , the variance explained by fixed effect only, and conditional R 2 , the variance explained by both fixed and random effects (Nakagawa and Schielzeth 2013) . We present the top models for each study area, which we define as the model that explained the v www.esajournals.org ALLEN ET AL. most variation in HR size between individuals and had a ∆AIC < 2. However, we also include the results for the model-averaged coefficients for variables included in models with ∆AIC < 4, but the relative variable importance was calculated from all possible model sets.
To study variation in home range size among populations, a random-effects structure of individual nested within study area was used to account for repeated observations of individuals within a specific area. Only female moose were used for this part of the analysis as the sample size of males was low in some populations. LMEs were fitted for both summer HRs (n = 390) and winter HRs (n = 318). The explanatory variables were selected to include the environmental variability from the south to the north of Sweden. We selected mean summer NDVI, elevation, road density, growing degree days, and the density of moose and of other ungulates to analyze summer HRs (Table 1) , thus capturing the variation in vegetative productivity, topography, and human impacts on the landscape and temperature. We selected mean winter NDVI, elevation, road density, snow depth, and the density of moose and other ungulates to analyze winter HRs (Table 1) , capturing the same variability as summer in addition to the severity of winters, as indicated by snow depth. For comparison, we fitted an additional model that included the study area as a fixed effect to determine how much variation in home range size was explained by the explanatory variables.
To study variation of home range size within populations, all individuals were included and the random-effects structure included the ID of the individual. The year was not included in the random-effects structure, because there would only be a single observation per individual in a given year; however, it was included as a fixed effect to determine whether variation was due to the year of data collection. All variables v www.esajournals.org ALLEN ET AL. described in Table 1 were included in the analysis; however, variables with a correlation coefficient r > 0.7 were removed. We also checked model outputs for collinearity using variance inflation factors (VIF) where a VIF > 4 indicates collinearity and a VIF > 10 indicates severe collinearity, but see O'Brien (2007) for a discussion of these rule-of-thumb limits. Some study areas had a low sample size (n < 30; Appendix S4); therefore, we constrained the model to a maximum of three parameters to avoid over fitting the model.
results
Among populations
Movement classification.-The majority of movements were classified as either migratory (n = 272) or sedentary (n = 264) out of a total of 544 moose years (Fig. 2) . Only seven movements were classified as dispersal and one as nomadic. The five northern study areas had a higher proportion of migratory movements in contrast to the southern study areas with more sedentary movement types (Fig. 2) . The timing of migratory movements varied between individuals for both the spring and autumn migrations, with some spring migrations ending as late as August (Fig. 3a, Table 2 ). The mean arrival dates at summer HRs were within a week of the mean start of the growing season (Fig. 3a) , and the mean departure dates from summer HRs were after snow depths exceeded 5 cm (Fig. 3b, Table 2 ), although variation around these means was large.
Home ranges.-The mean annual home range size across all areas was 4672 ha (SD = 4532 ha), with the summer HR significantly larger (1987 ha, SD = 1635 ha) than the winter HR (1081 ha, SD = 655 ha) in all five northern study areas and S1 and S2 ( Fig. 4 ; Appendix S5: Table S1 ). There were no significant differences between summer and winter HRs in study areas S3 and S5, whereas the winter HR was significantly larger than the summer HR in S4 ( Fig. 4 ; Appendix S5: Table S1 ).
Home range size varied significantly among study areas for both summer (F [9, 432] = 28.41, P < 0.001) and winter (F [9, 403] = 11.03, P < 0.001). Summer HRs were larger in northern study areas than in southern study areas ( Fig. 4 ; Appendix S5: Table S2 ). The largest winter HRs were in study areas S3 and S4, whereas the smallest winter HRs were in study areas S1 and S2 ( Fig. 4 ; Appendix S5: Table S2) . A model that included study area as an explanatory variable explained 55% of variation in summer HRs and 24% of variation in winter HRs (Table 3) .
The observed variation in the size of summer HRs among study areas was explained by elevation, summer NDVI and GDD, explaining 52% of variation, which is comparable to the amount of variation explained by study area only (Table 3 ; Appendix S5: Table S3 ). The summer HRs shrank as summer NDVI and GDD increased, whereas they increased in size with increasing elevation (Table 3) . The best fitting model that explained variation in winter HRs included moose density and snow depth; however, the model only explained 3% of variation compared to a NULL model with a ∆AIC of 0.54 (Table 3; Appendix S5:  Table S3 ).
Within populations
The coefficient of variation (CV) of home range size within study areas was generally higher in summer than in winter (Table 3, N1:S5). The variables included in the final models explained between 25% and 60% of HR variation in each study area during summer and 20% and 70% during winter (Table 3) . Landscape composition was important in all study areas. HR sizes increased with increasing proportions of poor foraging habitats like thickets or mires. In contrast, HR sizes decreased in size with increasing proportions of good foraging habitats like clear-felled areas and younger forests. The variable "Time" was not included in any of the final models, indicating that our method of using the timing of migration to define seasonal ranges was not an important Notes: N is the number of annual trajectories, D is the migration distance in kilometers (km), and start and end dates are shown for spring (Spr) and autumn (Aut) migration. GS Start is the start date for the growing season, and Snow is the start date of continuous snow cover >5 cm for the 10-year study period (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . factor for explaining the observed variation in HR size.
Summer.-Males had larger HRs than females in four of the southern study areas (Table 3) . Although the mean HR of S3 males (mean = 1742 ha, SD = 1050) was larger than that of females (mean = 1082 ha, SD = 475), the difference was not significant due to low sample size (P = 0.39, n males = 3, n females = 22). Instead, S3 was the only population that included the variable age in the final model, which explained 40% of variation in summer HRs and the HR size declined with age. Landscape heterogeneity (CV.Max; Table 1 ) was among the most important variables in four of the northern study areas, and HR size increased as CV.Max increased (Table 3) .
Winter.-Sex was the most important explanatory variable in only one study area during winter (Table 3) . HR size declined with age also during winter, and more so in the south. Most study areas included forest-associated habitat variables in the final model, such as coniferous and younger forests.
dIscussIon
Our study provides a novel contribution to research in intraspecific variation in space use by analyzing variation at multiple spatial scales, an approach that provides several insights into linking individual space use with populationlevel patterns, with solid implications for identifying the spatial scales of management of partially migratory populations across the landscape. We emphasize the importance of considering how a species movements and space use may vary across its geographical range, from being more migratory in the north and resident in the south to varying scales of space use and the environmental factors that are linked to this variation. Indeed, the populations where most individuals were migratory also had the largest summer home ranges and will require larger spatial scales of management in comparison with those in which individuals are primarily resident. Among populations, we show that variation in space use was driven by factors mainly related to climatic variability such that home range size increased as vegetative productivity and temperature (GDD) decreased. The climatic variability from the north to the south of the study area also influenced individuals' movement strategies resulting in a dominance of migratory movements in the north (Singh et al. 2012) . However, less clear patterns were observed for the winter movements of individuals and this may be related to how environmental factors such as snow depth affect individuals, for example, by physically restricting movements or access to forage. These effects were less important for explaining variation within populations because individuals were largely exposed to similar climatic conditions. Instead, factors related to the individual's life history and its home range were most important for explaining variation in space use within populations. The structure of the landscape was also important for explaining individuallevel variation within populations; for instance, home ranges increased in size with increasing landscape heterogeneity, particularly in the Table 3 . Linear mixed-effects model selected to explain variation in home range size (response is the log of the home range) among populations (ALL) and within populations (N1 -S5, see Fig. 1 Notes: The random-effects structure among populations (ALL) is ID nested in study area, whereas the random-effects structure within populations (N1 -S5) is ID. CV is the coefficient of variation (SD/mean), R2m is the variation explained by the fixed effects, R2c is the variation explained by both the fixed and random effects, and w i is the Akaike weight of the model in comparison with model sets with ΔAIC < 4. The direction of the relationship is indicated by + (positive relationship) and − (negative relationship). Models were selected based on AICc (ΔAIC < 2) and the level of variation explained (R2m). Model variables are described in Table 1 . The model-averaged coefficients for all models with ∆AIC < 4 are shown in Appendix S5: Table S3. v www.esajournals.org ALLEN ET AL. north, and the proportion of certain habitats influenced the size of home ranges.
Among populations
Approximately 52% of the variation in summer HRs across a latitudinal gradient could be explained by the changing levels of vegetative productivity (NDVI), temperature (GDD), and elevation, which was comparable with the model that included study area only. As the levels of productivity and energy decreased, the HR size increased; this result supports the theory that HR size is influenced by the relationship between available energy and an individual's energy requirements (McNab 1963) and is also found to be relevant at large landscape scales. Previous studies of ungulates have highlighted the relationship between decreased forage availability and increased HR sizes, due to factors such as shorter growing seasons and lower vegetative productivity (Anderson et al. 2005 , van Beest et al. 2011 , Morellet et al. 2013 , and similar relationships have been found for predators (Mcloughlin et al. 2000 , Herfindal et al. 2005 ). Many ungulates occupy a variety of habitats across a large geographical distribution that includes high-latitude regions (Putman and Flueck 2011) . The seasonal variability and latitudinal variability in climatic conditions among our populations were largely driven by temperature and its impacts on vegetative productivity, compared to the tropics, where it is largely driven by rainfall (Fryxell et al. 2005, Putman and Flueck 2011) . Drawing comparisons among populations of different regions may provide insights of how movement patterns are differentially influenced by environmental variability.
Snow depth and moose density explained the most variation among populations in winter HRs. Winter HRs decreased in size with increasing density. The effect of density on HR size may vary depending on how individuals respond to interactions with conspecifics and resource availability (Tufto et al. 1996 , Kjellander et al. 2004 , Herfindal et al. 2009 ). Snow may have multiple effects on movements, such as impeding movement, increasing energetic costs of locomotion, and altering forage accessibility (Parker et al. 1984, Robinson and Merrill 2012) . Snow depths greater than 25 cm have been shown to restrict access to dwarf shrubs and forbs, an important food source, whereas snow depths greater than 70 cm physically restrict movements of moose (Sweanor and Sandegren 1989) . The effects of snow on movement emphasize the importance of considering how climatic impacts may vary for species with large geographical ranges. It is also important to consider how broad-scale processes like climate may interact with fine-scale processes to influence individual-level variation in home range size. Less variation in winter HR size was observed among populations, and including study area as the explanatory variable provided an R 2 of 0.25 compared with 0.55 in summer (Table 3) . Interestingly, the variability in mean winter HR size was higher among southern populations, whereas northern populations had similar mean winter HR sizes but larger variation within each population. Therefore, it is important to consider how fine-scale processes (within populations) contribute to intraspecific variability in space use patterns.
Within populations
Variation of summer HRs within the northern study areas was generally explained by the spatial and/or temporal variation of NDVI and the proportion of non-productive habitats in the home range. The northern study areas contained high proportions of migratory individuals, and this behavior seems to be the main driver of large-scale space use patterns of northern populations. Ungulates undertaking altitudinal migrations aim to maximize energy intake by increasing access to emerging high-quality forage (Fryxell et al. 2004 , Hebblewhite et al. 2008 , Mysterud et al. 2012 . Research has also shown how the structure of habitats in the landscape may influence the movements of several ungulate species (Bjørneraas et al. 2012 , Allen et al. 2014 ). Our results indicate that similar drivers may influence the movements of moose, because they are tracking productive habitats and the spatial heterogeneity of productivity influenced HR sizes (van Moorter et al. 2013) . This is further supported by the result that home ranges in the northern study areas increased in size with increasing proportions of poor foraging habitats like thickets and mires (Månsson et al. 2007) .
In contrast to the northern study areas, variation of summer HRs in the southern study v www.esajournals.org ALLEN ET AL. areas was generally explained by sex and the proportion of preferred habitats. Males utilized larger areas than females, as reported in previous studies of ungulates (Cederlund and Sand 1994 , Mysterud et al. 2001 , Kjellander et al. 2004 , and the proportion of good foraging habitats, in particular clear-felled areas, resulted in smaller HRs. Clear-felled areas are human-induced successional habitats that provide forage; therefore, increasing proportions of this habitat mean that less space is needed to meet an individual's requirements (Bergquist et al. 1999 , Bjørneraas et al. 2012 .
Habitat composition and age explained a substantial part of winter HR variation in most populations. HR size decreased with age in four study areas (N1, S1, S2, and S3). How an individual's movements may change as it ages remains a topic of ongoing research. For moose, and particularly bulls, it has been suggested that their "wandering" movements reduce as they approach 3 years of age and subsequently establish a home range (Hundertmark 2007) . Beyond three years of age, the question remains as to how an individual's experience may influence the decisions it makes. van Beest et al. (2011) found no relationship between HR size and age, whereas Saïd et al. (2009) found agerelated space use patterns in roe deer, albeit with a small effect size. Decreasing HRs with increasing age has interesting considerations relating to cognitive ecology, that is, processes related to an individual's capacity for learning and memory and how these effect an individual's decisions (Dukas 1998 , Van Moorter et al. 2009 ). An individual's experience may be important when establishing HRs that includes the necessary levels of forage and shelter, especially in challenging environments. Our results indicated that the effect of age was stronger when environmental conditions were less favorable, that is, lean periods during winters.
Our analysis provides support for defining home ranges by the timing of movements of migratory individuals. The variable "Time" was not included in any of the final models indicating that the duration an individual stayed in the seasonal home ranges did not cause variation in home range size. Unfortunately, we were unable to define seasonal home ranges by the movements of sedentary individuals, such as been done by van Beest et al. (2013) and Rodgers (2009) . We found that the movement rates of sedentary moose were highly variable, even when considering life cycle events such as calving or rutting movements. How to define seasonal ranges of sedentary individuals remains a topic of ongoing research (Börger et al. 2006) . We were able to detect significant differences between summer and winter home ranges in three of our sedentary populations, but our method of using changes in climatic events (i.e., start/end of growing season, arrival/melt of snow) may be one possible reason for not detecting differences in the seasonal home ranges of the other two sedentary populations.
Implications
Our results provide some indications of the importance that climate has on space use patterns, such as the influence of productivity or snow depth on home range size, which has important implications related to future climate change. Northern latitudes are expected to be more influenced by climate change, with warmer temperatures and changes in the levels of precipitation, snow melt regimes and freeze-thaw dynamics (Hansen et al. 2011 , Gilg et al. 2012 . As a consequence, moose may experience more winters with low(er) snow depths (Campbell et al. 2005) , although increases in precipitation may have other negative impacts on moose population dynamics (Post and Stenseth 1999). Our results suggest that lower snow depths may result in larger winter home ranges for individuals in the north. In contrast, our results suggest that future summer home ranges of individuals in the north may become smaller, and more similar to those in southern populations, as warmer temperatures result in higher vegetative productivity (Walther et al. 2002) . Furthermore, the occurrence of migratory movement strategies may also decrease as the climate warms and the environment becomes less seasonal, thus resembling the climate of southern populations today. Understanding how climatic variation among populations affects the patterns of space use therefore enables predictions of how home range size and migratory behaviors may change in future and how the management may have to adapt. Although broad-scale patterns in climate are important for explaining variability in HRs among populations, our results also illustrate how variation in individual traits and the environment within populations contribute to intraspecific variation in movement patterns. For example, home ranges in two populations with similar climates may vary due to differing demographics or landscape structure. Populations that contain larger proportions of preferred habitats like young forest will result in smaller home ranges on average. Similarly, populations that contain more young individuals, or contain a skewed sex ratio toward males, will result in larger home ranges on average. The scale of management is often guided by home range size or spatial scale of movement (Schwartz 1999) ; therefore, these considerations are particularly important in systems where human harvest has large impacts on the age and sex structure (Langvatn and Loison 1999, Singh et al. 2014 ). We also demonstrate how the importance of a variable may change among populations. Landscape heterogeneity was important for explaining variation in home range size of northern populations, but not in southern populations where vegetative productivity is higher. Instead, life-history traits like sex were more important in southern populations. Therefore, changes in one factor may result in larger changes in population-level movements than another. For example, sex-biased hunting may have a larger effect on population-level movements of southern populations, whereas habitat fragmentation may have a larger influence on population-level movements of northern populations. Large-scale studies that include climatic and environmental gradients are important for identifying these relationships.
Understanding the drivers of variation in space use, which includes factors at both broad and fine scales, enables predictions of movement patterns in the landscape and how these may change as a result of management strategies or future climate and landscape change. Also, understanding the variation in space use patterns is important for defining the scale of management units, either in determining the scale of management for partially migratory populations or when the scale of management is guided by home range size. The rapid growth of research in animal movement is increasing the possibilities for combining data from many study areas and environmental variation, and advancing research of the drivers of intraspecific variation in movement patterns at broad scales.
